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Antitumor pharmaceutical compositions and methods 
for treating tumors employing a,c)-bis(disubstituted 
phosphino)hydrocarbon derivatives or a,c)-bis(disub 
stituted phosphino)hydrocarbon digold(I), digold(III), 
disilver(I), and dicopper(I) derivatives are disclosed. 

5 Claims, No Drawings 

  



4,766,226 1. 

ANTITUMIOR PHARMACEUTICAL 
COMPOSITIONS AND METHODS FOR 
TREATING TUMIORS EMPLOYING 

ao-BIS(DISUBSTITUTEDPHOSPHINO)HYDRO 
CARBON DERIVATIVES OR (a, 

o-BIS(DISUBSTITUTEDPHOSPHINO)HYDRO 
CARBON DIGOLD(I), DIGOLD(III), DISILVER(I), 

AND DICOPPER(I). DERIVATIVES 

This application is a continuation-in-part of applica 
tion Ser. No. 685,881, filed Dec. 24, 1984, now aban 
doned which is a continuation-in-part of application 
Ser. No. 575,650, filed Feb. 1, 1984, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to novel a,c)-bis(disubstituted 
phosphino)hydrocarbon compounds, digold(I), digold 
(III), disilver(I) or dicopper(I) complexes thereof, phar 
maceutical compositions containing, as an active ingre 
dient, a,c)-bis(disubstituted-phosphino)hydrocarbon 
compounds or a,c)-bis(disubstituted phosphino)hy 
drocarbondigold(I) digold(III), disilver(I) or dicop 
per(I) compounds which have antitumor activity. In 
addition, this invention relates to a method for treating 
tumors by administering tumor-inhibiting amounts of 
said active ingredient to a host animal. As disclosed 
more fully below, the active ingredients are cytotoxic to 
mammalian cells in vitro, for example B16 melanoma 
cells, and tumoricidal against animal tumors in vivo, for 
example P388 leukemia tumors. 
Vaughan, U.S. Pat. No. 3,661,959, issued May 9, 

1972, discloses the preparation of Au, Au'-dichlorome 
thylenebis(diphenylphosphine)gold(I) (Example 21) 
and Au, Au'-dichloroethylenebis(diphenylphosphine)- 
gold(I) (Example 22). However, no pharmaceutical 
activity for these compounds is disclosed or suggested 
by the Vaughan reference. Weinstock et al., J. Med. 
Chem., 7(1), 139-140 (1974), discloses u-(1,2-bis(di 
phenylphosphino)ethanebischlorogold(I) as an inter 
mediate in the preparation of a polymeric compound, 
designated as Compound 5. Compound 5 was tested, 
but found to be ineffective as an oral antiarthritic agent. 
There is no disclosure or suggestion in the Weinstock 
reference that the intermediate has antiarthritic or any 
other type of pharmaceutical activity. McAuliffe et al., 
J.C.S. Dalton, 1730-1735 (1979), disclose physical and 
chemical data for several (a,c)-bis(disubstitutedphos 
phino) hydrocarbon digold(I) compounds in Tables 1 
and 4. However, there is no disclosure or suggestion in 
the McAuliffe reference that such compounds have any 
pharmaceutical activity. Marsich et al., J. Inorg. Nucl. 
Chem, 34,933-949 (1972), disclose u-(1,2-Bis(diphenyl 
phosphino)ethanebischlorocopper(I). However, 
there is no disclosure or suggestion in this reference that 
this compound has any pharmaceutical activity. Leva 
son et al., Inorg. Chim. Acta, 8, 25-26 (1974), discloses u-1,2-Bis(diphenylphosphino)alkyl)bis(nitratosilver(I) 
compounds, wherein alkyl is methane, ethane, propane 
and ethylene. However, there is no disclosure or sug 
gestion in this reference that these compounds have any 
pharmaceutical activity. DeStefano et al., Inorg. Chem., 
10, 998-1003 (1971), disclose u-(1,2-Bis(diphenyl-phos 
phino)ethanebisthiocyanatogold(IO). However, there 
is no disclosure or suggestion in the DeStefano refer 
ence that this compound has any pharmaceutical activ 
ity. Struck et al., J. Med. Chem., 9, 414-416 (1966), 
disclose alleged cytotoxic activity for ethylenebis(di 
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2 
phenylphosphine) which is the active ingredient in 
some of the pharmaceutical compositions and methods 
of treatment of the instant application, and is also used 
as an intermediate in the preparation of some of the 
metal complexes of the instant invention. However, 
there is no disclosure or suggestion in the Struck refer 
ence of such metal complexes, or that they would dis 
play cytotoxic or any other pharmaceutical activity. 

SUMMARY OF THE INVENTION 
This invention relates to a pharmaceutical composi 

tion comprising an effective tumor cell growth-inhibit 
ing amount of an active ingredient and an inert pharma 
ceutically acceptable carrier or diluent, wherein said 
composition is useful for inhibiting the growth of animal 
tumor cells sensitive to the active ingredient, and 
wherein the active ingredient is a a,co-bis(disubstituted 
phosphino)hydrocarbondigold(I), digold(III), disil 
ver(I), or dicopper(I) compound represented by the 
following general structural formula: 

(R)--A--(R): (Formula (I) 
MX MX 

in which: 
R and R are the same and are phenyl; per 

deuterophenyl; cyclohexyl; benzyl; pentahalophe 
nyl, monosubstituted phenyl wherein said substitu 
ent is selected from halogen, methoxy, methylthio 
or trihalomethyl; or R is ethyl provided that R is 
phenyl; 

A is a straight or branched alkanediyl chain of from 
one to six carbon atoms, cis-vinylene or trans-viny 
lene; 

M is the same and is Au(I), Au(III), Ag(I) or Cu(I); 
and 

X is the same and is halo, nitrato, C1-6 alkylcarbox 
ylato, thiocyanato, perfluoroalkylthio, cysteine 
C1-6 alkylester or C1-6 alkyldithiocarbanato. 

This invention also relates to a pharmaceutical com 
position comprising an effective tumor cell growth 
inhibiting amount of an active ingredient and an inert 
pharmaceutically acceptable carrier or diluent, wherein 
said composition is useful for inhibiting the growth of 
animal tumor cells sensitive to the active ingredient, and 
wherein the active ingredient is a a,c)-bis(disubstituted 
phosphino)hydrocarbon compound represented by the 
following general structural formula: 

(R)-P-A-P (R)2 Formula (IA) 

in which: 
R2 and R3 are the same and are phenyl; per 

deuterophenyl; ethyl; cyclohexyl; monosubstituted 
phenyl wherein said substituent is selected from 
halogen or methylthio; or R2 is ethyl provided that 
R3 is phenyl; and 

Al is phenylene, a straight or branched alkanediyl 
chain of from one to five carbon atoms, cis-viny 
lene, or trans-vinylene; provided that when R2 and 
R3 are the same and are phenyl, Al is other than 
hexane-1,2-diyl. 

This invention also relates to a method of inhibiting 
the growth of animal tumor cells sensitive to a Formula 
(I) or Formula (IA) compound which comprises admin 
istering to an animal afflicted with said tumor cells an 
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affective tumor cell growth-inhibiting amount of a com 
pound of Formula (I) or Formula (IA), 
This invention also relates to a compound of the 

ormula: 

(R)-P-A2-P-(R) (FORMULA (IB) 
MX Mx. 

wherein 
R* and R5 are the same and are phenyl, per 

deuterophenyl, cyclohexyl, benzyl, pentahalophe 
nyl, monosubstituted phenyl wherein said substitu 
ent is selected from halo, methoxy, methylthio or 
trihalomethyl; or R' is ethyl provided that R is 
phenyl; 

A2 is a straight or branched alkanediyl chain of one to 
six carbon atoms, cis-vinylene or trans-vinylene; 

M is the same and is Au(I), Au(III), Ag(I) or Cu(I); 
and 

X1 is the same and is halo, nitrato, C-6 alkylcarbox 
ylato, thiocyanato, perfluoroalkylthio, C1-6 alkyldithi 
ocarbanato; or cysteine C1-6 alkylester; 
provided that when R“ and R5 are phenyl and M is 

Ag(I), X is other than nitrato; and further pro 
vided that when R“ and R5 are phenyl, M is Ag(I) 
and A2 is ethane-1,2-diyl, X1 is other than acetato; 
and further provided that when R and R5 are 
phenyl, M is Cu(I) and A2 is ethane-1,2-diy1, X1 is 
other than chloro; and further provided that when 
R* and R5 are phenyl and M is Au(I), X is other 
than halo or thiocyanato; and further provided that 
when R and Rare phenyl, M is Au(III), and A is 
ethane-1,2-diyl, X is other than halo or thi 
ocyanato. 

This invention also relates to a compound of the 
formula: 
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FORMULA 
(IC) 

wherein 
R6 and R7 are the same and are perdeuterophenyl or 

monosubstituted phenyl wherein said substituent is 
selected from methoxy; methylthio; or halo; and 

A is a straight or branched alkanediyl chain of one to 
six carbon atoms, cis-vinylene or trans-vinylene. 
DETALED DESCRIPTION OF THE 

INVENTION 

One skilled in the art will recognize that all the of 50 
Formula (IB) are embraced by the scope of Formula (I); 
and that all the compounds of Formula (IC) are em 
braced by the scope of Formula (IA). 
The term "straight or branched alkanediyl chain of 

from one to six carbon atoms' is meant to include both 55 
the resolved and unresolved configurations. 
Preferred compounds of Formula (I) include those 

wherein R and R are the same and are phenyl, cyclo 
hexyl, benzyl or monosubstituted phenyl wherein said 
substituent is selected from halo or methylthio, A is 
ethane-1,2-diyl, propane-1,2-diyl, propane-1,3-diyl or 
cis vinylene, M is gold(I), gold(III) or copper(I) and X 
is halo, acetato, thiocyanato or trifluoromethylthio. 
These compounds are preferred because they exhibit 
good antitumor activity in at least one in vivo tumor 65 
assay. Particularly preferred compounds of Formula (I) 
include those wherein R and R are the same and are 
phenyl or benzyl, A is ethane-1,2-diyl, propane-1,2-diyl, 
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4. 
propane-1,3-diyl or cis-vinylene, M is gold(I) or gold 
(III), and X is halo, thiocyanato, trifluoromethylthio or 
acetato. Especially preferred compounds of Formula (I) 
include those wherein R and R1 are the same and are 
phenyl, A is ethane-1,2-diyl, M is gold(I), and X is 
chloro or bromo. 

Preferred compounds of Formula (IA) include those 
wherein R2 and R3 are the same and are phenyl, cyclo 
hexyl or perdeuterophenyl; and Al is ethane-1,2-diyl, 
propane-1,2-diyl, propane-1,3-diyl, cis-vinylene or phe 
nylene. Particularly preferred compounds of Formula 
(IA) include those wherein R2 and Rare the same and 
are phenyl, and A is ethane-1,2-diyl, propane-1,2-diyl, 
propane-1,3-diyl or cis-vinylene. Most preferred is the 
Formula (IA) compound wherein R2 and R3 are the 
same and are phenyl and Al is (CH2)2. 
The active ingredients used in this invention are ei 

ther known or are prepared by methods readily avail 
able to one skilled in this art. All the compounds of 
Formula (IA) are either available from commercial 
sources, for example Strem Chemicals, Inc., Danvers, 
Mass., or can be prepared by methods known to one 
skilled in this art, for example, from 1,2-bis(dichloro 
phosphino)ethane by reaction with a Grignard reagent 
derived from a R2 or R3 substituted halide. Generally, 
the starting materials needed to prepare Formula (I) 
compounds are the corresponding diphosphino hydro 
carbons represented by the following structural for 
mula: 

FORMULA 
(II) 

in which R, R and A are as defined above. To obtain 
the digold(I) products of Formula (I) wherein X is 
chloro, an appropriate diphosphino hydrocarbon inter 
mediate of Formula (II) is reacted either directly with 
chloroauric acid hydrate or a reduced form of the acid 
hydrate obtained by treatment with thiodiglycol. For 
example, a solution of thiodiglycol in a nonreactive 
organic solvent, such as methanol or ethanol, is reacted 
with an aqueous solution of chloroauric acid hydrate 
cooled to a temperature of from -10 to 0°C., and then 
treated with a solution of the appropriate diphosphino 
hydrocarbon in a nonreactive organic solvent system, 
such as a mixture of chloroform and methanol, for from 
one to two hours to give the corresponding (a,a)-bis(- 
disubstitutedphosphino)hydrocarbonbischlorogold(I) 
derivative. Similarly, chloroauric acid hydrate in a non 
reactive organic solvent, such as methanol or ethanol, is 
reacted with a solution of the appropriate diphosphino 
hydrocarbon at ambient temperature for from one to 
two hours to give the corresponding a,c)-bis(disub 
stitutedphosphino)hydrocarbonbischlorogold(I) de 
rivative. 
To obtain the digold(III) products of Formula (I) 

wherein X is trichloro, the corresponding digold(I) 
product wherein X is chloro is treated with chlorine 
gas, for example by passing chlorine through a chloro 
form solution, at ambient temperature until the solution 
is saturated. 
The gold products of Formula (I) wherein X is other 

than chloro are conveniently prepared from the corre 
sponding Formula (I) gold product wherein X is chloro 
by treatment with an appropriate salt which provides 
the desired anion, for example silver acetate, silver tri 
fluoromethylthiolate, sodium bromide, sodium thiocya 
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nate or potassium ethylxanthate, in an inert organic 
solvent such as methylene chloride, chloroform or di 
methylformamide at ambient temperature. 
To obtain the silver(I) or copper(I) products of For 

mula (I), an appropriate diphosphino hydrocarbon in 
termediate of Formula (II) above is reacted with a silver 
or copper salt, selected to provide the desired anion, for 

6 

A summary of the evaluation of several of the com 
pounds of Formula (I) in the B16 melanoma in vitro 
assay is shown in the following Table A. 
A summary of the evaluation of several of the com 

pounds of Formula (IA) in the B16 melanoma in vitro 
assay is shown in the following Table AI. 

TABLE A 

(R)--A--(R), Formula (I) 
MX MX 

ICso(a) 
Compound() R R1 A M X (uM) 

phenyl phenyl CH2 Au(I) Cl 6 
2 phenyl phenyl (CH2)2 Au(I) Cl 8 
3 phenyl phenyl (CH2)3 Au(I) Cl 2 
4. phenyl phenyl (CH2)4 Au(I) Cl 3 
5 phenyl phenyl (CH2)5 Au(I) C 2 
6 phenyl phenyl (CH2)6 Au(I) Cl 2 
7 phenyl phenyl CIS-CH=CH AuCI) C 7 
12 phenyl phenyl (CH2)2 Au(III) Cl3 4. 
21 cyclohexyl cyclohexyl (CH2)2 Au(I) Cl 14 

concentration which inhibits cloning efficiency of B16 melanoma cells by 50% on a 2-hour exposure. 
compounds numbered in accordance with the numbering designation used in Table B. 

example silver nitrate or cuprous chloride, in an inert 
organic solvent such as ethanol, acetonitrile, chloro 
form or mixtures of such solvents, at an elevated ten 
perature up to reflux temperature. 
The starting materials represented by Formula (II) 

above are either available from commercial sources or 
prepared by methods known to one skilled in this art, 
for example, from 1,2-bis(dichlorophosphino)ethane by 
reaction with a Grignard reagent derived from a R or 
R1 substituted halide. 
As stated above, the active ingredients used herein 

have antitumor activity as demonstrated in a variety of 
test systems. Initially, the cytotoxic activity of the For 
mula (I) and Formula (IA) compounds used in the phar 
maceutical compositions and methods of treatment of 
the instant invention was evaluated in vitro using B16 
melanoma cells according to the following assay: 

B16 melanoma (highly metastatic subline, F10) are 
used and maintained as monolayer cultures in Minimal 
Essential Media (Grand Island Biological Co., Grand 
Island, N.Y.) supplemented with 10% calf serum, 1% 
antibiotics in a 5% CO2 humidified incubator at 37 C. 
Asynchronous populations of cells are harvested and 
replated to 5000 cells/plate in sterile 60 mm x 15 mm 
petri plates. Plates are incubated overnight to allow 
attachment of the cells to the plate. Cells are treated 
with a Formula (I) or Formula (IA) compound or cis 
platin under sterile conditions, allowed to react for 2 
hours followed by aspiration of medium. Plates are 
washed one time with 5 ml of phosphate buffered saline 
(PBS), followed by the addition of 5 ml of fresh media. 
Plates are incubated for 5 days at 37 in a CO2 incubator. 
Viability is measured by the ability of a cell to form a 
colony of greater than 50 cells. Colonies are fixed with 
0.5% crystal violet in 95% ethanol. Plates are dried and 
counted with a Biotran III Automatic Count Totalizer 
(New Brunswick Scientific Co., Edison, N.J.). Mean 
and standard deviation of triplicate samples are deter 
mined for each drug concentration. The data are ana 
lyzed by plotting the log of the survival fraction (num 
ber of colonies in drug treated plates/number of colo 
nies in controls) versus the drug concentration. 
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TABLE AI 
(R2)-P-A-P-(R3)2 Formula IA 

Com- IC50(a) 
pound() R2 R3 A (uM) 

2 phenyl- phenyl (CH2)2 60 
3 phenyl phenyl CISr-CHECH 25 
4 phenyl phenyl CH(CH3)CH2(RS) 50 
5 phenyl phenyl CH(CH3)CH2(R) 50 
6 phenyi phenyl (CH2)3 72 

9 phenyl phenyl 28 

12 perdeu- perdeu- (CH2)2 50 
terophenyl terophenyl 

(concentration which inhibits cloning efficiency of B16 melanoma cells by 50% on 
a 2 hour exposure. 
(compounds numbered in accordance with the numbering designation used in 
Table B1. 

The antitumor activity of the Formula (I) and For 
mula (IA) compounds used herein was evaluated in a 
P388 leukemia mouse model employing the following 
protocol: 

106 P388 leukemia cells are inoculated intraperitone 
ally (ip) in B6D2F1 mice. Twenty-four hours later, if the 
tumor inoculum proves to be free of bacterial contami 
nation (as determined by 24 hours incubation in thiogly 
collate broth), animals are randomized into groups of 6 
and housed in shoebox cages. Formula (I) or Formula 
(IA) compounds are dissolved in a minimal volume of 
either N,N-dimethylacetamide (DMA) or 95% ethanol 
(depending upon solubility). An equal volume of saline 
is added; if the drug comes out of solution an equal 
volume of Cremophor (polyethoxylated castor oil) is 
added and then saline qs to a concentration such that the 
desired dose is delivered in 0.5 ml. The final concentra 
tion of DMA, ethanol and Cremophor is 10 percent. 
Dilutions for lower doses are made with saline so there 
is a decreasing proportion of organic solvents in the 
vehicle with decreasing dosage. These vehicles provide 
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soluble formulations (or suspensions). Formulations are 
prepared immediately prior to injection. The Formula 
(I) or Formula (IA) compounds are administered ip on 
Days 1 through 5 (i.e. treatment is initiated 24 hrs after 
tumor inoculation). Each experiment includes three 
groups of 6 animals as untreated controls and animals 
treated with a positive control, cisplatin, at two dose 
levels. Animals are weighed as a group on Days 1, 5 and 
9 and average weight change (A wt.) is used as a reflec 
tion of toxicity. Each experiment also includes an inocu- 10 
lum titration-groups of 8 mice inoculated ip with 10 
to 100P388 leukemia cells. The titration is used to calcu 
late cell kill achieved by treatment with drugs. Animals 
are monitored daily for mortality and experiments are 

5 

8 
terminated after 45 days. The endpoint is median sur 
vival time (MST) and increase in lifespan (ILS) which is 
the percentage of increase in MST relative to untreated 
controls. Untreated controls inoculated ip with 106 
P388 leukemia cells generally survive for a median of 10 
or 11 days. A drug is considered active if it produces an 
average of 225 percent ILS. 

A summary of the evaluation of Formula (I) com 
pounds in the in vivo ip P388 model is shown in 
TABLE B. 
A summary of the evaluation of Formula (IA) com 

pounds in the in vivo ip P388 model is shown in Table 
BI. 

TABLE B 

(R)-P-A-P-(R1)2 Formula (I) 
MX MX 

Compound MTD(a) ILS(b) 
No. R R1 A M X (mg/kg) (%) 

1 phenyl phenyl CH2 Au(I) C 50 62/50 
2 phenyl phenyl (CH2)2 Au(I) Cl 6 93 - 23(c) 
3 phenyl phenyl (CH2)3 Au(I) C 8 60/45/44/100 
4. phenyl phenyl (CH2)4 Au(I) Cl 6 45/40 
5 phenyl phenyl (CH2)5 Au(I) C 4. 55/55 
6 phenyl phenyl (CH2)6 Au(I) Cl 4. 40/35 
7 phenyl phenyl cis-CHECH Au(I) Cl 4. 05/77 
8 phenyl phenyl trans-CHCH Au(I) Cl 24 33/36 
9 phenyl phenyl CH2(CH3)CH(RS) Au(I) Cl 6 4.5/60/35 
10 phenyl phenyl CH2(CH3)CH(RS) Au(I) Cl 6 50/25 
11 phenyl phenyl CH(CH3)CH(CH3)(SS) Au(I) Cl 6 73/25/35 
12 phenyl phenyl (CH2)2 Au(III) Cl3 16 95/62 
13 phenyl phenyl (CH2)2 Ag() NO3 6 45/30 
14 phenyl phenyl (CH2)2 Cu(I) Cl 4 65/79 
15 phenyl phenyl (CH2)2 Au(I) Br 12 116/80 
16 phenyl phenyl (CH2)2 Au(I) SCN 6 36/62/45 
17 phenyl phenyl (CH2)2 Au(I) OCOCH 4. 73/64 
18 phenyl phenyl (CH2)2 Au(I) SCF3 6 45/86/40 
19 phenyl phenyl (CH2)2 Au(I) SCSOCH2CH3 6 77/40/35 
20 phenyl phenyl (CH2)2 Au(I) SCH2CH(NH2)COOEt 6 50/56 
21 phenyl ethyl (CH2)2 Au(I) Cl 6 30/30 
22 cyclohexyl cyclohexyl (CH2)2 Au(I) Cl 16 60/32/80 
23 benzyl benzyl (CH2)2 Au(I) Cl 4 45/30 
24 p-methoxy- p-methoxy- (CH2)2 Au(I) Cl 8 45/30/20 

phenyl phenyl 
25 p-fluoro- p-fluoro- (CH2)2 Au(I) C 8 80/75 

phenyl phenyl 
26 m-fluoro- m-fluoro- (CH2)2 Au(I) Cl 8 60/55 

phenyl phenyl 
27 pentafluoro- penta- (CH2)2 Au(I) Cl 16 30/25 

phenyl fluorophenyl 
28 o-methylthio- o-methylthio- (CH2)2 Au(I) Cl 8 35/26/50 

phenyl phenyl 
29 p-trifluoro- p-trifluoro- (CH2)2 Au(I) C 8 37/44 

methylphenyl methylphenyi 
30 p-methylthio- p-methylthio- (CH2)2 Au(I) Cl 8 37/65 

phenyl phenyl 
31 perdeutero- perdeutero- (CH2)2 Au(I) CI 6 40/65 

phenyl phenyl 
maximally tolerated dose for B6D2F female mice on an ip qdX5 regimen. 
maximum increase in lifespan produced in mice bearing ip P388 leukemia (figures separated by a slash were generated in seperate experiments). 
Figure based on data generated in 35 separate experiments. 

TABLE BI 

COMPOUND 
NO. R2 
32 phenyl 
33 phenyi 
34 phenyl 
35 phenyl 
36 phenyl 
37 phenyl 
38 phenyl 
39 phenyl 

FORMULA (IA) 

MTD(a) ILS(b) 
R3 Al (mg/kg) (%) 
phenyl CH2 256 40/40 
phenyl (CH2)2 16 98 - 26(c) 
phenyl cis-CHECH 24 60/70 
phenyl CH2(CH3)CH(RS) 32 90/85/95 
phenyl CH2(CH3)CH(R) 32 100/60 
phenyl (CH2)3 32 75/65 
phenyl (CH2)4 28 45/55 
phenyl (CH2)5 8 50/40 
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TABLE BI-continued 

10 

FORMULA (IA) 
COMPOUND MTD(a) ILS(b) 

NO. R2 R3 Al (mg/kg) (%) 

40 phenyl phenyl 32 70/55 

41 phenyl phenyl trans-CHCH 128 25/55 
42 phenyl phenyl CH(CH3)CH(CH3) 48 73/40 
43 perdeuterophenyl perdeuterophenyl (CH2)2 24 80/95 
44 cyclohexyl cyclohexyl (CH2)2 32 80/68 
45 4-fluorophenyl 4-fluorophenyl (CH2)2 8 60/55 
46 3-fluorophenyl 3-fluorophenyl (CH2)2 32 45/65 
47 2-methylthiophenyl 2-methylthiophenyl (CH2)2 64 47/83/24 
48 4-methylthiophenyl 4-methylthiophenyl (CH2)2 32 58/35 
49 ethyl ethyl (CH2)2 64 25/30 
50 ethyl ethyl (CH2)2 128 55 

maximally tolerated dose for B6D2F female mice on an ip qdx5 regimen. 
(maximum increase in lifespan produced in mice bearing ip P388 leukemia (figures separated by a slash were generated in separate experiments). 
(Figure based on data generated in 41 separate experiments. 

Another chemosensitive tumor model is intraperito 
neally (ip) implanted M5076 reticulum cell sarcoma in 
mice. In this system B6D2F1 female mice are inoculated 
with 0.5 ml of a 10 percent weight:volume (w:v) brei of 
M5076 prepared from pooled subcutaneous (sc) tumors 
excised at about 21 days from C57B1/6 donor mice. 
Drugs are administered ip. Daily treatment is begun 24 
hours after implantation and is continued for ten days. 
The treatment regimen for M5076 is more prolonged 
than for P388 because of the slower growth rate and 
longer control survival time of the M5076 tumor. The 
positive control compound, cisplatin, was active in all 
experiments in ip M5076. A drug is considered active if 
it produces an average of 225 percent ILS. TABLE C 
represents data developed on the activity of several 
compounds of Formula (I) in the M5076 reticulum sar 
coma assay. TABLE D represents data developed on 
the activity of several compounds of Formula (IA) in 
the M5076 reticulum sarcoma assay. 

TABLE C 
Compound No.() MTD (mg/kg)(b) ILS max (%)(c) 

2 4. 76 - 30(d) 
7 3 90 
12 8 74 
3 5 69 
9 5 98 

15 2 69 
22 8 27 
16 5 52 
7 4 54/67 
18 6 70 
23 4. 40 

"Homamm 'see TABLE B for structures 
maximally tolerated dose for B6D2F, female mice or an ip qd x 10 regimen. 
maximum increase in lifespan produced in mice bearingip M5076 sarcoma (figures 

Separated by a slash were generated in separate experiments), 
represents data generated in seven separate experiments. 

TABLED 
Compound No.(a) MTD (mg/kg)(b) ILS max (%)(c) 

33 6 70/96/68 
34 5 57 
35 24 62 

('see TABLE BI for structures. 
maximally tolerated dose for B6D2F, female mice on an ip qd x 10 regimen. 
maximum increase in lifespan produced in mice bearingip M5076 sarcoma (figures 

Separated by a slash were generated in separate experiments). 
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Based on the data set forth in Tables C and D, the 
compounds of Formula (I) numbered as Compounds 2, 
7, 12, 3, 9, 15, 22, 16, 18 and 17 herein have good activ 
ity in the ip M5076 reticulum cell sarcoma assay. Based 
on the data set forth in Table D, the compounds of 
Formula (IA) numbered as Compounds 33, 34 and 35 
herein have good activity in the ip M5076 reticulum cell 
Sarconna assay. 

The cytotoxic activity of Compound No. 2 from 
TABLE A, namely u-1,2-bis(diphenylphosphino)e- 
thanebis-chlorogold(I)), was also determined in a 
human tumor cloning assay. This procedure is de 
scribed as follows: 

Tumor Specimens: Specimens were collected using 
asceptic technique and transported in medium contain 
ing Penicillin, Streptomycin, and Amphotericin B. 
Specimens which could not be immediately processed 
were minced into fragments 5 mm or smaller, prior to 
transport. Effusions were collected with ten units of 
preservative free heparin per ml of effusion. Specimens 
were processed to obtain cell suspensions as soon as 
possible after removal from the patient. 

Culture Methods: A two-layer soft agar culture sys 
tem was used in these studies. Salmon, et al., N. Engl. 
J. Med., 298:1321 (1978)). Cell counts were performed 
on a hemacytometer after lysis of erythrocytes in acetic 
acid. A total of 500,000 nucleated cells were plated in a 
Volume of 1 ml (0.3 percent agar) over 1 ml base layers 
(0.6 percent agar) in each culture. Cultures were incu 
bated in humidified 37 C. incubators with an atmo 
sphere of 5 percent CO2 in air and control plates moni 
tored for growth using an inverted microscope. At the 
time of maximum colony formation (7-21 days in cul 
ture) final colony counts were obtained with a Bausch 
and Lomb FAS II image analysis system. Objects pres 
enting a circular profile in two dimensions with a mini 
mum diameter of 60 um were scored as colonies by the 
system. 
Drug Treatment: A total of six untreated or vehicle 

treated cultures were plated for determination of con 
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trol growth in each experiment. Cultures for measure 
ment of drug effects were plated in triplicate with the 
test compound incorporated into top (cellular) layer 
with various concentrations. For an assay to be consid 
ered complete, at least three control and two drug 
treated plates had to be available for counting at the 
termination of the experiment. 

Data Collection and Analysis: Patient demographic 
and experimental data were collected on floppy disks 
integral to the image analysis system. Drug effects were 
expressed in terms of fractional survival, obtained by 
dividing the mean number of colonies observed in the 
treated plates by the mean number observed in the ap 
propriate control plates. 

TABLE 1 summarizes the overall in vitro activity, 
that is sis0% survival of tumor colony forming units 
and is 30% survival of tumor colony forming units, in 
the above assay for Compound No. 2 solubilized in 
dimethyl sulfoxide and tested at 10 ug/ml as a continu 
ous exposure. 

TABLE 1 

# responses is 50%/ 
if evaluable (%) 
11/19 (58%) 

# responses is 30%/ 
# evaluable (%) 

6/19 (32%) Compound No. 2 

TABLE 2 is a direct comparison of the in vitro activ 
ity by tumor type and TABLE 3 is a summary by tumor 
type. 

TABLE 2 

% Survival with 
Spec if Tumor Type Compound No. 2 
9334 Ovary 88 
999 Ovary 11 
9235 Ovary 30 
9420 Ovary 5 
986 Ovary 103 
9432 Ovary 36 
9392 Breast 80 
93.90 Breast 0 
9353 Breast 75 
9244 Lung 78 
9338 Lung 59 
9364 Lung 38 
9328 Unknown primary 77 
9380 Unknown primary 7 
9398 Unknown primary 32 
9196 Kidney 45 
9340 Kidney 45 
976 Corpus uterus 8 
992 Melanoma 58 

TABLE 3 

# responses"/# evaluable 
Tumor Type Compound No. 2 
Ovary 4/6 
Breast A3 
Lung A3 
Unknown primary 2A3 
Kidney 2/2 
Corpus uterus 1/ 
Melanoma & O/ 

TOTALS 11/19 (58%) 
's 50% survival of tumor colony forming units 

Based on the data from testing in the human tumor 
cloning system, Compound No. 2 demonstrates substan 
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12 
tial in vitro cytotoxic activity against primary human 
tumor cells. 
The cytotoxic activity of several compounds of For 

mula (I) was evaluated in vivo using B16 melanoma 
cells according to the following assay: 

In this system, groups of eight B6D2F1 mice are inoc 
ulated ip with 0.5 ml of a 10% (w:v) brei of B16 mela 
noma prepared from pooled sc tumors excised at 14-21 
days from C67B1/6 donor mice. Daily treatment is 
begun 24 hours after tumor implantation and is contin 
ued daily for 10 days. The route of drug administration 
is ip. The mice are monitored daily for survival for 60 
days. Antitumor activity is assessed by prolongation of 
median survival time. An ILS of 225% indicates activ 
ity in this tumor model. 

A Summary of the evaluation of several of the com 
pounds of Formula (I) in the in vivo ip B16 melanoma 
assay is shown in TABLE E. 

TABLE E 

Compound No.(c) MTD (um/kg)(a) ILS (%)(b) 
2 5 62/30/15 
15 13 49/4 

maximally tolerated dose for B6D2F mice on an ip qd x 10 regimen. 
maximum increase in lifespan produced in mice bearing ip B16 melanoma (figures 

separated by a slash were generated in separate experiments). 
(see TABLE B for structures. 

In addition, Compound No. 2 from Table BI was 
tested in the in vivo ip B16 melanoma assay and exhib 
ited an ILS of 64, 49 and 39% at a MTD of 5 mg/kg in 
three separate experiments. 
The anti-tumor activity of several compounds of 

Formula (I) was tested in a further in vivo tumor model, 
mammary adenocarcinoma 16/c, a tumor model sensi 
tive to DNA binders and alkylating agents, according 
to the following protocol: 

The mammary adenocarcinoma 16/c tumor is in 
planted sc in C3H mice, and the Formula (I) compound 
is administered ip on days 1, 5, 9, 13 and 17. Tumors are 
measured 3 weeks after implantation, and activity is 
assessed by degree of tumor growth inhibition. Cispla 
tin, a drug which generally produces complete inhibi 
tion of the growth of mammary adenocarcinoma 16/c, 
is used as a positive control. A tumor growth inhibition 
of 2.75% indicates that the compound is active in this 
type of animal tumor model. 

The results of the mammary adenocarcinoma 16/c 
assay are summarized in TABLE F. 

TABLE F 

Compound No.() MTD (um/kg)(b) Inhibition (%)(c) 
2 9 91/96/39 
15 26 79 

(see TABLE B for structure. 
('maximally tolerated dose for C3H mice on an intermittent ip regimen 
tumor growth inhibition produced in mice bearing sc mammary adenocarcinoma 

16/c (figures separated by a slash were generated in separate experiments) 

In addition, Compound No. 33 from TABLE BI was 
tested in the sc mammary adenocarcinoma 16/c assay 
and (i) exhibited tumor growth inhibition of 74, 43 and 
97% at a MTD of 30 mg/kg when administered ip; and 
(ii) exhibited tumor inhibition of 95% at a MTD of 32 
mg/kg when administered iv. 
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Likewise, Compound No. 2 from TABLE B was 

tested in an additional in vivo tumor model known as 
ADJ-PC6 Plasmacytoma according to the following 
assay: 

Tumor cells are carried by serial sc passage in 
BALB/c female mice and then collected aseptically on 
ca. Day 21 and minced in Hank's balanced salt solution. 
The cells are then dispersed by homogenization in a 
loose-fitting teflon glass homogenizer, and cell concen 
tration is adjusted to 4x 106 viable (trypsin blue-exclud 
ing) cells per ml by hemocytometer counts. A total of 
0.5 ml (2x 106 cells) is implanted sc on the right flank of 
BALB/c female mice in groups of 8. Treatment is given 
ip on Days 1-10, and tumors are measured in perpendic 
ular diameters with a vernier caliper on Day 18. Gener 
ally, 275% inhibition of tumor growth reflects signifi 
cant antitumor effect. Cisplatin, the positive control 
compound, produces complete tumor growth inhibi 
tion. 

The results of the ADJ-PC6 plasmacytoma assay are 
summarized in Table G. 

TABLE G 
Compound No.() MTD (uM/kg)(b) %. Inhibition(c) 

2 7 96/93 
(see TABLE B for structure 
(maximally tolerated dose for BALB/c female mice on an ip qD x 10 regimen 
(2.75% inhibition of tumor growth reflects significant antitumor effect (figures 
separated by a slash were generated in separate experiments) 

Based on the data in Table G, Compound No. 2 dis 
plays excellent antitumor activity in ADJ-PC6 Plasma 
cytoma. In addition, Compound No. 33 from TABLE 
BI was tested in the in vivo ip ADJ-PC6 Plasmacytoma 
tumor model and exhibited tumor growth inhibition of 
94% at a MTD of 6 mg/kg in one experiment, and 49% 
at a MTD of 4 mg/kg in a second experiment. 

Additionally, Compound No. 2 from Table BI was 
tested in the ip Lewis Lung tumor assay and exhibited 
an ILS of 69% at a MTD of 12 mg/kg when adminis 
tered on a q4DX4 regimen. A compound is considered 
active in the ip Lewis Lung tumor assay if it has an ILS 
of 225%. The protocol for carrying out this tumor 
assay is well known to those of skill in the art. 

Additionally, Compound No. 2 from TABLE BI was 
tested in the ip Madison 109 lung carcinoma tumor 
assay and exhibited an ILS of 50% at a MTD of 16 
mg/kg when administered on a q4DX4 regimen. A 
compound is considered active in the ip Madison 109 
carcinoma assay if it has an ILS of 225%. The protocol 
for carrying out this tumor assay is well known to those 
of skill in the art. 
The pharmaceutical compositions of this invention 

comprise an effective tumor cell growth-inhibiting 
amount of a compound of Formula (I) or Formula (IA) 
and an inert pharmaceutically acceptable carrier or 
diluent. These compositions are prepared in dosage unit 
form appropriate for parenteral administration. 

Compositions according to the invention for paren 
teral administration include sterile aqueous or non-aque 
ous solutions, suspensions or emulsions. The composi 
tion may be in the form of a solution of the active ingre 
dient in a minimal volume of dimethylacetamide or 
ethanol, for example 5% w/v, brought up to volume 
with peanut oil or normal saline solution. Polyethox 
ylated castor oil, for example 2 to 5% w/v, may also be 
used to solubilize the active ingredient. In addition, the 
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14 
composition may be in the form of a slurry with, for 
example, hydroxypropyl cellulose or other suitabie 
suspending agent. As an emulsifying agent, lecithin for 
example may be used. The composition may also be 
provided in the form of a sterile solid which can be 
dissolved in a sterile injectable medium immediately 
before use. c 

It will be appreciated that the actual preferred dos 
ages of the Formula (I) or Formula (IA) compounds 
used in the compositions of this invention will vary 
according to the particular complex being used, the 
particular composition formulated, the mode of admin 
istration and the particular site, host and disease being 
treated. Optimal dosages for a given set of conditions 
can be ascertained by those skilled in the art using con 
ventional dosage determination tests in view of the 
above experimental data. For parenteral administration 
the dose generally employed is from about 5 mg to 
about 20 mg/m2 of body surface per day for one to five 
days, repeated about every fourth week for four courses 
of treatment. 
The method for inhibiting the growth of animal 

tumor cells sensitive to a compound of Formula (I) or 
Formula (IA) in accordance with this invention com 
prises administering to a host animal afflicted with said 
tumor cells an effective tumor cell growth-inhibiting 
amount of a compound of Formula (I) or Formula (IA). 
As described above, during the course of treatment the 
active ingredient will be administered parenterally in an 
amount selected from about 300 mg to about 1000 mg. 
The following examples illustrate the chemical prepa 

ration of the Formula (I) and Formula (IA) compounds 
used in the compositions and methods of this invention, 
and as such are not to be construed as limiting the scope 
thereof. All temperatures are in degrees Centigrade. 

EXAMPLE 1. 

u-(1,2-BIS(DIPHENYLPHOSPHINOETHANE 
BISCHLOROGOLD(I)) 

Chloroauric acid hydrate (1.6g, 3.8 mmol) in ethanol 
(20 ml) was added to bis(1,2-diphenylphosphino)ethane 
(1.83 g, 4.5 mmol), obtained from Strem Chemical Com 
pany, in 1:1 chloroform/ethanol (40 ml) maintained at 
room temperature. After one hour the white precipitate 
was collected, dissolved in methylene chloride, filtered 
and ethanol added to induce precipitation. After stand 
ing, the product was collected and dried to give 0.97g 
(50%) of the named gold complex which had a melting 
point of 291-293. 

EXAMPLE 2 

u-BIS(DIPHENYLPHOSPHINOMETHANEBIS 
CHLOROGOLD(I) 

Thiodiglycol (2.44 g, 20 mmol) in methanol (10 ml) 
was added to a solution of chloroauric acid hydrate (1.0 
g, 2.4 mmol) in water (20 ml) maintained at O. Bis(di 
phenylphosphino)methane (0.47 g, 1.22 mmol), ob 
tained from Strem Chemicals Inc., Danvers, Mass., in 
2:3 chloroform/methanol (50 ml) was added and the 
mixture stirred for one hour. Water was added and the 
reaction mixture extracted with chloroform. The ex 
tract was dried over sodium sulfate, filtered and the 
solvent removed in vacuo. The residue was dissolved in 
chloroform and diluted with ethanol to induce crystalli 
zation. After standing the product was collected and 
dried to give 0.44 g (43%) of the named gold complex 
which had a melting point of 271-272. 
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EXAMPLE 3 

u-1,3-BIS(DIPHENYLPHOSPHINO)PROPANE)- 
BISCHLOROGOLD(I) 

Chloroauric acid hydrate (1.0 g, 2.4 mmol) was 
redued by thiodiglycol as in Example 2 and bis(1,3- 
diphenylphosphino)propane (0.5g, 1.2 mmol), obtained 
from Strem Chemicals Inc., Danvers, Mass., in 1:5 chlo 
roform/ethanol (12 ml) was added at 0'. The reaction 
mixture was stirred for one hour. Water was added and 
the mixture extracted with chloroform. The extract was 
washed with water, dried, filtered and the solvent re 
moved under reduced pressure. The residue was dis 
solved in methylene chloride, filtered, ethanol added 
and the solution cooled to -20. The product was col 
lected, washed (ethanol) and dried in air to give 0.98 g 
(92%) of the named gold complex which had a melting 
point of 256°-257. 

EXAMPLE 4 

u-1,4-BIS(DIPHENYLPHOSPHINOBUTANE 
BISCHLOROGOLD(I) 

Bis(1,4-diphenylphosphino)butane(1.29 g, 3.0 mmol), 
obtained from Strem Chemicals Inc., Danvers, Mass., in 
3:2 chloroform/methanol (50 ml) was added to a solu 
tion of reduced chloroauric acid hydrate (from 2.5g, 6.1 
mmol as in Example 2) in 1:2 methanol/water (30 ml) 
maintained at 0. Water was added and the mixture was 
extracted with chloroform, dried, filtered and the sol 
vent removed in vacuo. The residue was dissolved in 
methylene chloride and ethanol was added. The crystal 
lized product was collected, washed with ethanol and 
air dried to give 2.54 g (94%) of the named gold com 
plex which had a melting point of 257-259. 

EXAMPLE 5 

u-1,5-BIS(DIPHENYLPHOSPINIO)PENTANE 
BISCHLOROGOLD(I) 

Bis(1,5-diphenylphosphino)pentane:(1.06 g, 2.43 
mmol), obtained from Strem Chemicals Inc., Danvers, 
Mass., in 1:1 chloroform/methanol (40 ml) was added to 
reduced chloroauric acid hydrate (2.0 g, 4.8 mmol), the 
reaction mixture stirred for one hour and worked up as 
in Examples 3 and 4. Crystallization from methylene 
chloride/ethanol gave 1.23 g (56%) of the named gold 
complex which had a melting point of 94. 

EXAMPLE 6 

u-1,6-BIS(DIPHENYLPHOSPHINO)HEXANE 
BISCHLOROGOLD(D) 

Addition of bis(1,6-diphenylphosphino)hexane (1.1 g, 
2.43 mmol), obtained from Strem Chemicals Inc., Dan 
vers, Mass., in 2:1 chloroform/methanol (60 ml) to re 
duced chloroauric acid hydrate (2.0 g, 4.85 mmol) in 1.2 
methanol/water (30 ml) followed by workup as in Ex 
amples 3 and 4 and crystallization from methylene chlo 
ride/ether gave 2.0 g (90%) of the named gold complex 
which had a melting point of 201-202. 

EXAMPLE 7 

u-1,2-BIS(DICYCLOHEXYLPHOSPHINOE 
THANEBISCHLOROGOLD(I) 

Thiodiglycol-reduced chloroauric acid hydrate (2.5 
g, 6.1 mmol) in 1:2 water/methanol (60 ml) and 1,2-bis(- 
dicyclohexylphosphino)ethane (1.28 g, 3.0 mmol), ob 
tained from Strem Chemicals Inc., Danvers, Mass., 
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16 
followed by workup as in Examples 3 and 4, and crys 
tallization from methylene chloride/ethanol gave 2.0 g 
(75%) of of the named gold complex which had a melt 
ing point of 278-280. 

EXAMPLE 8 

u-1,2-BIS(DIPHENYLPHOSPHINOETHANE)- 
BISTRICHLOROGOLD(III)) 

Chlorine gas was passed through a chloroform solu 
tion (100 ml) of u-1,2-bis(diphenylphosphino)ethane 
bischlorogold(I) (0.23 g, 0.26 mmole), prepared as 
described in Example 1, maintained at room tempera 
ture until the solution was saturated. The solvent was 
removed in vacuo, the residue treated with chloroform 
and filtered to give 0.18 g (69%) of the named gold 
complex which had a melting point of 192, dec. 

EXAMPLE 9 

u-CIS-1,2-BIS(DIPHENYLPHOSPHINO)E- 
THYLENEBISCHLOROGOLD(I)) 

Chloroauric acid hydrate (1.8 g., 4.5 mmol) was re 
duced as described in Example 2, cis-bis(1,2-diphenyl 
phosphino)ethylene (1.0 g, 2.5 mmol), obtained from 
Strem Chemicals Inc., Danvers, Mass., in 1:1 chloro 
form/ethanol (20 ml) was added, and the reaction mix 
ture stirred for one hour. Ethanol (50 ml) was added 
and the mixture extracted with chloroform, the extract 
dried, filtered and the solvent removed in vacuo. The 
residue was recrystallized from chloroform/ether to 
give 1.3 g (61%) of the named gold complex which had 
a melting point of 240-242. 

EXAMPLE 10 

u-(1,2-BIS(DIPHENYLPHOSPHINO)PROPANE)- 
BISCHLOROGOLD(I) 

Thiodiglycol (1.0 g, 8.2 mmole) in methanol (10 ml) 
was added to chloroauric acid tetrahydrate (1.0g, 2.43 
mnole) in water (20 ml) kept at 0'. Bis(1,2-diphenyl 
phosphino)propane (0.5g, 1.22 mmole), obtained from 
Strem Chemicals Inc., Danvers, Mass., in chloroform 
(20 ml)/methanol (10 ml) was added dropwise to the 
colorless solution. After 30 minutes, water (50 ml) was 
added and the mixture extracted with chloroform. The 
chloroform extract was washed with water, dried 
(MgSO4), and the solvent removed in vacuo. The resi 
due was dissolved in methylene chloride, filtered and 
the solvent removed in vacuo to give 1.054 g (97%) of 
the named gold complex as an amorphous white solid; 
ap25 (1% CHCl3)-0.5. 

EXAMPLE 11 

u-((R)-(+)-1,2,BIS(DIPHENYLPHOSPHINO)- 
PROPANEBISCHLOROGOLD(D) 

Using substantially the same procedure as described 
in Example 10, but instead using R-(-)-bis(1,2- 
diphenylphosphino)propane (R)-PROPHOS), ob 
tained from Strem Chemicals Inc., Danvers, Mass., as 
the disubstitutedphosphino hydrocarbon, gave 0.81 g 
(89%) of the named gold complex as a white solid 
which had a melting point of 145, dec; ap2 (1% 
CHCl3)-29.2. 
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EXAMPLE 12 

u-TRANS-1,2-BIS(DIPHENYLPHOSPHINO)E- 
THYLENEBISCHLOROGOLD(I)) 

Chloroauric acid tetrahydrate (3.2 g, 5 mmole) in 
water (50 ml) was reduced with thiodiglycol (2.93 g, 24 
mnole) in water (20 ml) in standard fashion. Trans 

bis(1,diphenylphosphino)ethylene (1.59 g, 4 mmole), 
obtained from Strem Chemicals Inc., Danvers, Mass., in 
ethanol (10 ml)/chloroform (20 ml) was added followed 
by the addition of ethanol (50 ml). After 1 hour, the 
solid was collected, washed with ethanol and water, 
and dried to give 3.25 g of product. Extraction with 
chloroform followed by solvent removal gave 2.0 g 
(58%) of the named gold complex which had a melting 
point of 290-291. 

EXAMPLE 13 

-(-)(2S,3S)-2,3-BIS(DIPHENYLPHOSPHINO)- 
BUTANEBISCHLOROGOLD(D 

Thiodiglycol (1.6 g., 13.2 mmole) in ethanol (10 ml) 
was added to chloroauric acid tetrahydrate (1 g, 4.49 
mmole) in water (20 ml) kept at 0, and stirred until 
colorless. (-)(2S,3S)-Bis(diphenylphosphino)butane (1 
g, 2.34 mmole), obtained from Strem Chemicals Inc., 
Danvers, Mass., in ethanol (2 ml)/methylene chloride (3 
ml) was then added and the mixture stirred to ambient 
temperature. The precipitate was collected, washed 
with water, dried and recrystallized from methanol 
methylene chloride to give 0.54 g (26%) of the named 
gold complex which had a melting point of 269-271 
;ap25 (1, CHCl3)-23.7. 

EXAMPLE 14 

(1,2-BISIBIS(4-METHOXYPHENYL)PHOS 
PHINOETHANEBISCHLOROGOLD(I) 

a. 1,2-Ethanediyl-bis(bis(4-methoxyphenyl)phosphine 
A Grignard reagent was prepared in 250 ml of dry 

THF from 5.83 g (0.24 g/atom) of magnesium and 44.9 
g (0.24 mol) of 4-bromoanisole. The stirred mixture, 
under dry argon, was cooled in an ice bath as 9.27g 
(0.04 mol) of 1,2-bis(dichlorophosphino)ethane, ob 
tained from Strem Chemicals Inc., Danvers, Mass., in 
50 ml of dry THF was added dropwise at such a rate 
that the reaction temperature did not exceed 25. After 
wards the reaction mixture was allowed to warm to 
room temperature and was stirred overnight. It was 
then poured into a mixture of 100 ml of a saturated 
solution of ammonium chloride and ice, and the com 
bined mixture was then filtered. Then the organic layer 
was separated and concentrated under reduced pressure 
to a thick syrup. The syrup was stirred with cold isopro 
panol and the solid was collected by filtration from 
isopropanol and yielded 16 g (76%) of the named prod 
uct which had a melting point of 108-110'. 

b. 
u-1,2-Bisbis(4-methoxyphenyl)phosphino)ethanebis 

chlorogold(I) 
A solution of 4.52 g (0.011 mol) of chloroauric acid 

tetrahydrate in 8 ml of distilled water was cooled in ice 
and treated with 4.88 g (0.04 mol) of thiodiglycol. When 
reduction of gold(III) to gold(I) was complete (color 
less solution), 2.59 g (0.005 mol) of 1,2-ethanediyl-bis 
bis(4-methoxyphenyl)phosphine), prepared as de 
scribed in parta, in 50 ml of acetone was added thereto. 
The resulting yellow solution was concentrated under 
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reduced pressure to a semi-solid. The semi-solid was 
slurried with ETOH, and the named product was col 
lected as a solid by recystallization from acetone/E- 
TOH, and had a melting point of 205.5-206.5". 

EXAMPLE 1.5 

u-(1,2-BISIBIS(2,3,4,5,6-PENTAFLUORO 
PHENYL)PHOSPHINEETHANEBIS 

CHLOROGOLD(I) 
a. 

1,2-Ethanediyl-bis(bis(2,3,4,5,6-pentafluorophenyl)- 
phosphine 

A solution of 11.11 g (0.045 mol) of bromopenta 
fluorobenzene in 110 ml of dry ether was added drop 
wise to 15.38 ml of hexane containing 2.56 g (0.04 mol) 
of butyl lithium, and then cooled in dry ice under dry 
argon. After the halogen metal interchange was com 
plete (Gilman Color Test I and II), a solution of 2.32 g 
of 1,2-bis(dichlorophosphino)ethane, obtained from 
Strem Chemicals Inc., Danvers, Mass., in 50 ml of dry 
ether was added dropwise to the cooled mixture. The 
mixture was then allowed to warm, and was stirred at 
room temperature for one hour before being treated 
with 50 ml of saturated ammonium chloride solution. 
Solid was collected from the ethereal supernatant and 
yielded 3.98 g (53%) of the named product from ace 
tone with a melting point of 190-191. 

b. 
u-1,2-Bis(bis(2,3,4,5,6-pentafluorophenyl)phosphinelle 

thane-bischlorogold(I) 
A solution of 2.39 g (0.0058 mol) of chloroauric acid 

tetrahydrate in 7 ml of distilled water/25 ml acetone 
was stirred with 2.44 g (0.02 mol) of thiodiglycol until 
reduction of gold(III) to gold(I) was complete (color 
less solution). The solution was cooled in ice as a warm 
solution of 2.00 g (0.00264 mol) of 1,2-ethanediyl-bis 
bis(2,3,4,5,6-pentafluorophenyl)phosphine), prepared as 
described in part a, in 150 ml acetone was added 
thereto. The mixture was stirred for one hour and the 
named product was collected as a solid by recrystalliza 
tion from acetone/ETOH, and had a melting point of 
242-244. 

EXAMPLE 16 

u-1,2-BISIBIS(2-METHYLTHIOPHENYL)PHOS 
PHINOETHANEBIS (CHLOROGOLD(I) 

a. 1,2-ethanediyl-bis(bis(2-methylthiophenyl)phosphine 
The named product was prepared in a manner similar 

to the named product of Example 14a, except that 2 
methylthiophenyl magnesium bromide was substituted 
for the magnesium and 4-bromoanisole. The named 
product was collected as a solid by recrystallization 
from CHCl3/ETOH and had a melting point of 
213-216. 

b. 
u-1,2-Bis(bis(2-methylthiophenyl)phosphino)ethane 

bischlorogold(IO) 
The named product was prepared in a manner similar 

to the named product of Example 15b, except that 1,2- 
ethanediyl-bis(bis(2-methylthiophenyl)phosphine, pre 
pared as described in part a, was employed as the li 
gand. The named product was collected as a solid by 
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recrystallization from CHCl3/ETOH, and had a melt 
ing point of 262-263. 

EXAMPLE 17 

u-1,2-BISBIS(4-FLUOROPHENYL)PHOS 
PHINOETHANEBISCHLOROGOLD(D) 

a. 1,2-ethanediyl-bis(bis(4-fluorophenyl)phosphine 
The named product was prepared in a manner similar 

to the named product of Example 14a, except that 4 
fluorophenyl magnesium bromide was substituted for 
the magnesium and 4-bromoanisole. The named prod 
uct was collected as a solid by recrystallization from 
ETOH and had a melting point of 132-133. 

b. 
u-1,2-Bis(4-fluorophenyl)phosphino)ethanebis 

chlorogold(I) 
Thiodiglycol, 2.1 g (0.017 mol) was added to a stirred 

solution of 2.47 g (0.006 mol) of chloroauric acid in a 
mixture of 10 ml water 30 ml CH3OH. When a colorless 
solution resulted, 1.30 g (0.00276 mol) of 1,2-ethanediyl 
bis(bis(4-fluorophenyl)phosphine), prepared as de 
scribed in part a, in a mixture of 30 ml CHCl3-30 ml 
CH3OH was added dropwise with cooling. After the 
addition was complete, the reaction mixture was stirred 
an additional minutes. The named product (separated 
solid) was removed and dried from CH2Cl2/CH3OH 
and yielded 2.55g with a melting point of 271-272. 

EXAMPLE 18 

u-1,2-BISIBIS(3-FLUOROPHENYL)PHOS 
PHINOETHANEBISCHLOROGOLD(I) 

a. 1,2-Ethanediyl-bis(bis(3-fluorophenyl)phosphine) 
The named product was prepared in a manner similar 

to the name product of Example 14a, except that 3 
fluorophenyl magnesium bromide was substituted for 
the magnesium and 4-bromoanisole. The named prod 
uct was collected as a solid from ETOH and had a 
melting point of 65-68. 

b. 
u-1,2-Bisbis(3-fluorophenyl)phosphino)ethanebis 

chlorogold(I) 
The named product was prepared in a manner similar 

to the named product of Example 17b, except that 1,2- 
ethanediyl-bis(bis(3-fluorophenyl)phosphine, prepared 
as described in parta, was employed as the ligand. The 
named product was removed from CHCl3/CH3OH as a 
solid, and had a melting point of 244-245. 

EXAMPLE 19 

u-1,2-BIS(DIBENZYLPHOSPHINO)ETHANE)- 
BISCHLOROGOLD(D 

Thiodiglycol (2.1 g, 17.2 mmole) in methanol (15 ml) 
was added to chloroauric acid tetrahydrate (2 g, 4.85 
mnole) in water (10 ml) kept at 0, and stirred until 
colorless. Bis(1,2-dibenzylphosphino)ethane (1.08 g, 
2.43 mmole), obtained from Strem Chemical Company, 
in chloroform (30 ml)/methanol (10 ml) was added 
dropwise. After 30 minutes, the precipitate was col 
lected, washed with methanol and recrystallized from 
acetonitrile to grive 0.72 g (33%) of the named product 
(white crystals) with a melting point of 231-232. 
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EXAMPLE 20 

u-1,2-BIS(DI-P-TRIFLUOROMETHYLPHENYL 
PHOSPHINOETHANEBISICHLOROGOLD(I) 
Thiodiglycol (0.4g, 3.3 mmole) in ethanol (5 ml) was 

added to chloroauric acid tetrahydrate (0.61 g, 1.48 
mmole) in water (15 ml) kept at 0° C. and stirred until 
near colorless. Bis(1,2-di-p-trifluoromethylphenylphos 
phino)ethane (0.5g, 0.74 mmole), obtained from Strem 
Chemical Company, in acetone (20 ml) was then added 
to give an oil. Water (30 ml) was added and stirring 
continued until the oil solidified. The precipitate was 
collected, washed with water and dried to give 0.68 g 
(81%) of off-white solid with a melting point of 
285-287. Recrystallization from acetone/ethanol gave 
an analytical sample of the named product with a melt 
ing point of 295-297. 

EXAMPLE 21 
u-1,2-bis(diphenylphosphino)ethane)BIS 

ACETATOGOLD(D) 
A mixture of u-1,2-Bis(diphenylphosphino)ethanel 

bischlorogold (I) (0.038 g, 0.44 mmole), prepared as 
described in Example 1, and silver acetate (0.32 g, 1.9 
mmole) in methylene chloride (25 ml) was stirred over 
night at ambient temperature. The precipitate was col 
lected and the solvent removed in vacuo. Crystalliza 
tion of the residue from methylene chloride/hexane 
gave 0.34 g (84%) of the named compound which had 
a melting point of 196-198. 

EXAMPLE 22 

u-1,2-BIS(DIPHENYLPHOSPHINOETHANE 
BISTRIFLUOROMETHYLTHIOGOLD(D) 

Silver trifluoromethylthiolate (1.45 g, 6.96 mmole) in 
acetonitrile (200 ml) was added dropwise to a suspen 
sion of u-1,2-Bis(diphenylphosphino)ethanebis 
chlorogold(I) 3.09, 3.48 mmole), prepared as descrised 
in Example 1 in chloroform (500 ml) and the mixture 
stirred 48 hours at ambient temperature. The silver 
chloride precipitate was collected, the solvent evapo 
rated and the residue chromatographed (silica gel, chlo 
roform) to give 2.1 g (61%) of the named compound 
which had a melting point of 204-206'. 

EXAMPLE 23 

u-(1,2-BIS(DIPHENYLPHOSPHINOETHANE)E- 
THANEBISBROMOGOLD(I)) 

A mixture of u-1,2-Bis(diphenylphosphino)ethane 
bischlorogold()) (0.86 g, 1 mmole), prepared as de 
scribed in Example 1, and sodium bromide (1.03 g, 10 
mnole) in dimethylformamide (35 ml) and water (10 
ml) was stirred 24 hours at ambient temperature (precip 
itate formed). Water (100 ml) was added and the mix 
ture filtered. The collected solid was washed with wa 
ter, slurried with acetone, and dried to give 0.78 g 
(82%) of the named compound (white product), which 
had a melting point of 299-300'. 

EXAMPLE 24 

u-1,2-BIS(DIPHENYLPHOSPHINOETHANE 
BISTHIOCYANOTOGOLD)(D) 

A mixture of u-1,2-Bis(diphenylphosphino)ethane 
bischlorogold(I) (1.09 g, 12 mmole), prepared as de 
scribed in Example 1, and sodium thiocyanate (1.2g, 15 
mmole) in water (50 ml), dimethylformamide (20 ml), 
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and chloroform (100 ml) was stirred overnight at ambi 
ent temperature. The mixture was poured into water 
(400 ml), the layers separated and the aqueous phase 
extracted with chloroform. The combined extracts 
were washed with water, dried (MgSO4), filtered, and 
the volatile solvent removed at reduced pressure. Meth 
ylene chloride and ethanol were added and the solution 
cooled to -20. The product was collected and recrys 
tallized from methylene chloride/ethanol to give 0.83g 
(80%) of the named compound which had a melting 
point of 247-248. Note that this compound has been 
reported by DeStefano et al., Inorg. Chem., 10, 
998-1003 (1971), with a melting point of 227-230'. 

EXAMPLE 25 

u-1,2-BIS(DIPHENYLPHOSPHINO)ETHANOL 
BISO-ETHYLDITHIOCARBONATOGOLD(I)) 
A mixture of u-1,2-bis(diphenylphosphino)-ethanel 

bischlorogold(I) (1.0 g, 1.2 mmole), prepared as de 
scribed in Example 1, and potassium ethylxanthate (1.3 
g, 8.1 mmole) in chloroform (50 ml)/ethanol (75 ml) 
was stirred overnight at ambient temperature. The sol 
vent was removed at reduced pressure and the residue 
dissolved in chloroform, washed with water, dried 
(Na2SO4), filtered and the solvent removed. The resi 
due was slurried with ethanol and then recrystallized 
from methylene chloride/hexane to give 0.95 g (79%) 
of the named gold complex which had a melting point 
of 158-159. 

EXAMPLE 26 

u-(1-DIETHYLPHOSPHINO-2-DIPHENYLPHOS 
PHINO-ETHANEBISCHLOROGOLD(I) 

Chloroauric acid tetrahydrate (2.78g, 6.74 mmole) in 
water (20 ml/methanol (60 ml) was reduced by thiodi 
glycol (3.5g, 28.7 mmole) as described previously in 
Example 2. A solution of 1-diethylphosphino-2- 
diphenylphosphino ethane (1.02 g, 3.4 mmole), obtained 
from Strem Chemical Company, in chloroform (40 
ml)/methanol (40 ml) was added and the mixture kept at 
O. overnight. Water (300 ml) was added, the layers 
separated and the aqueous phase extracted with chloro 
form. The combined phases were dried (MgSO4), fil 
tered and the solvent removed in vacuo. Recrystalliza 
tion of the residue from chloroform/ethanol gave 1.46 
(56.4%), of the named gold complex which had a melt 
ing point of 186-187. 

EXAMPLE 27 

u-(1,2-BIS(DIPHENYLPHOSPHINO)ETHANE 
BISINITRATOSILVER(I) 

The named product was prepared substantially in 
accordance with the procedure disclosed in Inorg. 
Chim. Acta, 8, 25 (1974), i.e. a hot solution of silver 
nitrate (0.85g, 5 mmole) in ethanol (30 ml) and acetoni 
trile (1 ml) was added to a hot solution of 1,2-bis(di 
phenylphosphino)ethane (1.0 g, 2.5 mmole), obtained 
from Strem Chemicals Inc., Danvers, Mass., in ethanol 
(30 ml) and chloroform (1 ml). Within seconds, the 
mixture became clear and then a precipitate began to 
appear (slight reflux observed). After two hours, the 
precipitate was collected, washed with ethanol and 
dried to give 1.62 g (88%) of the named silver complex 
which had a melting point of 238, violent decomposi 
tion. 
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EXAMPLE 28 

u-1,2-BIS(DIPHENYLPHOSPHINO)ETHANE 
BISCHLOROCOPPER(I) 

The named product was prepared substantially in 
accordance with the procedure of Marsich et al., J. 
Inorg. Nucl. Chem., 34,933-946 (1972) i.e. a mixture of 
1,2-bis(diphenylphosphino)ethane (1 g, 2.5 mmol), ob 
tained from Strem Chemicals Inc., Danvers, Mass., and 
cuprous chloride (0.5g, 5 mmole) in chloroform (25 ml) 
was refluxed for 1.5 hours, cooled to ambient tempera 
ture. Then the product was collected, washed with hot 
chloroform and dried to give 0.93 g (62%) of the named 
copper complex (white solid). 

EXAMPLE 29 

u-1,2-BIS(DIPHENYLPHOSPHINOETHANE 
BIS(L-2-AMINO-2-CARBOETHOXYETHYLTHI 

O)GOLD(I)) 
Sodium hydroxide (0.186g, 4.64 mmol) in ethanol (50 

ml)/water (5 ml) was added to L-cysteine ethyl ester 
HCl (0.43 g, 2.32 mmol) in ethanol (45ml), and stirred 
for 15 minutes. A slurry of u-1,2-(diphenylphos 
phino)ethanebischlorogold(I) (1.0 g, 1.16 mmol), pre 
pared as described in Example 1, in chloroform (75 ml) 
was added, and the mixture was stirred for 2 hours. The 
solvent was evaporated and the residue was dissolved in 
chloroform, washed with water, dried (MgSO4), fil 
tered and the solvent removed in vacuo. Chromatogra 
phy (SiO2, CH2Cl2 - 2%. Et2NH) of the residue gave 
0.96 g (75%) of the named product as an amorphous 
solid. 

EXAMPLE 30 

u-(1,4-BIS(DIPHENYLPHOSPHINOBENZENE 
BISCHLOROGOLD(I) 

Chloroauric acid tetrahydrate (2.5g, 6.06 mmole) in 
water (20 ml) was reduced by the addition of thiodigly 
col (3.0 g, 24.6 mmole) in water (20 ml)/methanol (60 
ml) at 0. A solution of 1,4-diphenylphosphinobenzene 
(1.35 g, 3.0 mmole), obtained from Strem Chemicals 
Inc., Danvers, Mass., in chloroform (20 ml)/methanol 
(10 ml) was added, and the mixture was stirred for sev 
eral hours. Water (200 ml) was added, and the product 
was extracted with CH2Cl2, dried (MgSO4), filtered 
and the solvent removed in vacuo. Recrystallization of 
the residue from CH2Cl2/ethanol gave 2.28 g (83%) of 
the named product which had a melting point >300. 

EXAMPLE 31 

BIS(1,2-DIPHENYLPHOSPHINO)BENZENE 
The named compound was commercially obtained 

from Strem Chemicals, Inc., Danvers, Mass. 
EXAMPLE 32 

u-1,2-BIS(DI(PHENYL-D5)PHOSPHINOE 
THANEBISCHLOROGOLD(D) 

a. 1,2-Ethanediyl-bis(di(phenyl-d5)phosphine) 
1,2-ethandiyl-bis(di(phenyl-ds)phosphine was pre 

pared in a manner similar to the named product of Ex 
ample 15a except that bromobenzene-ds, obtained from 
Aldrich Chemial Co., Inc., Milwaukee, Wis., was sub 
stituted for bromopentafluorobenzene, and the reaction 
was carried out at 10-15. 1,2-ethanediyl-bis(di(phenyl 
d5)phosphine was collected as a solid by recrystalliza 
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tion from ethanol, and had a melting point of 
39.5-140.5. 

b. 
p-(1,2-Bis(di(phenyl-ds)phosphino)ethanelethane? 

chlorogold(I) 
The named product was prepared in a manner similar 

to the product of Example 17b except that 1,2- 
ethanediyibisdicphenyl-ds)phosphine), prepared as de 
scribed above, was used in place of 1,2-ethanediyl-bis- 10 
bis(4-fluorophenyl)phosphine, and the phosphine li 
gand was added as a suspension in ethanol to the gold(I) 
solution. Recrystallization from DMF/H2O gave the 
named product: DMF, which had a melting point of 
287.5-289. 15 

EXAMPLE 33 

-1,2-BISIBIS(4-METHYLTHIOPHENYL)PHOS 
PHINOETHANEJBISCHLOROGOLD(I) 

a. 

1,2-Ethanediyl-bis(bis(4-methylthiophenyl)phosphine 
Using 4-bromophioanisole in place of 4 

bromoanisole, the named product was prepared in a 
manner similar to that of the named product in Example 25 
14a. Residual syrup, obtained after concentration under 
reduced pressure, was stirred with cold acetone, solid 
material was removed by filtration and the named prod 
uct was recrystallized from CHCl3/EtOH, and had a 
melting point of 147-148. 30 

b. 
u-1,2-Bis(bis(4-methylthiophenyl)phosphino)ethane 

bischlorogold(I) 
A solution of 8.64 g (0.021 mol) of chloroauric acid 35 

tetrahydrate in aqueous methanol (15 mL H2O/50 mL 
MeOH) was stirred with 10.26 g (0.084 mol) of thiodi 
glycol. The resulting colorless solution was diluted with 
200 mL of acetone and was cooled in ice. 5.82 g (0.01 
mol) of 1,2-ethanediyl-bis(bis(4-methylthiophenyl)phos- 40 
phine), prepared as described above, suspended in 100 
mL of methanol was added to the mixture. The reaction 
suspension was stirred for two hours, solid was re 
moved and the named product was recrystallized from 
CHCl3/ETOH, and had a melting point of 221.5-222, 45 

EXAMPLE 34 
As a specific embodiment of a composition of this 

invention, an active ingredient, such as one part of the 
complex of Example 1 or one part bis(1,2-diphenylphos- 50 
phino)ethane, is dissolved in 5 parts of dimethylacetam 
ide and 5 parts of polyethoxylated castor oil and then 
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normal saline solution qs, and is administered parenter 
ally in one dose of 5 mg/m2 to a host animal afflicted 
with tumor cells sensitive to that complex. 
What is claimed is: 
1. A compound of the formula: 

wherein 
R“ and R5 are the same and are phenyl, per 

deuterophenyl, ethyl, cyclohexyl, benzyl, pen 
tahalophenyl, monosubstituted phenyl wherein 
said substituent is selected from halo, methoxy, 
methylthio or trihalomethyl; or R“ is ethyl pro 
vided that R5 is phenyl; 

A2 is a straight or branched alkanediyl chain of one to 
six carbon atoms, cis-Vinylene or trans-vinylene; 

M is the same and is Au(I), Au(III), Ag(I) or Cu(I); 
and 

X is the same and is halo, nitrato, C1-6 alkylcarbox 
ylato, thiocyanato, perfluoroalkylthio, C1-6 alkyl 
thiocarbanato; or cysteine C1-6 alkylester; 

provided that when R and R5 are phenyl and M is 
Ag(I), X is other than nitrato; 

and further provided that when R* and R5 are phenyl, 
M is Ag(I), and A2 is ethane-1,2-diyi, X is other 
than acetato; 

and further provided that when R* and R5 are phenyl, 
M is Cu(I) and A2 is ethane-1,2-diyl, Xi is other 
than chloro; 

and further provided that when R“and R5 are phenyl 
M is Au(I), X is other than halo or thiocyanato; 

and further provided that when Rand R5 are phenyl, 
M is Au(III), and A is ethane-1,2-diyl, X is other 
than halo or thiocyanato. 

2. The compound of claim 1 wherein R* and R5 are 
the same and are phenyl; M is Au(I) and XI is acetato; 
trifluoromethylthio; or L-2-amino-2-carboethoxyeth 
ylthio. 

3. The compound of claim 2 wherein A2 is ethane-1,2- 
diyl. 

4. The compound of claim 1 wherein R* and R5 are 
the same and are phenyl, m-fluorophenyl, penta 
fluorophenyl, o-methylthiophenyl, p-methylthiophenyl, 
p-trifluorophenyl or perdeuterophenyl; or R is ethyl 
provided that R is phenyl; and X is halo. 

5. The compound of claim 4 wherein A2 is ethane-1,2- 
diyl. 

x : x k 


